A series of ferrocenyl and thienyl mono-and biscarbene chromium(0) complexes 1-6 were synthesised.
Introduction
The applications of Fischer carbene complexes of the type [ML n {Cv(XR)R′}] as active or auxiliary ligands in organic synthesis and catalysis evolve around the reactivity of the metalcarbon double bond or the carbene-bonded heteroatom X. 1 Alternatively, modification of conjugated carbene substituents R′ allows for tailored organic synthesis (Fig. 1) .
Theoretical calculations have focused on the donor/acceptor nature of the heteroatom X on the carbene substituent, 2 or on the steric and electronic effects of the heteroatom on the carbene ligand. 3 Only a few studies on the use of electrochemistry as an elucidative tool for the abovementioned properties have been reported. 4 In general, electrochemical properties of electro-active compounds, A-R, can be utilised to establish the relative ease by which a redox-active centre, A, may be oxidised (or reduced) in a series of differently R-substituted compounds. 5 The electron-donating or electron-withdrawing properties of different R-groups in a series of compounds may be quantified by relating the formal reduction potential, E°′, of a redox centre in the compounds with the Gordy scale group electronegativity, χ R , of R groups of the molecules. 6 Recently, a renewal of interest in the redox behaviour of Group 6 Fischer carbene complexes has been seen.
7
This is a result of their promising application as, for example, electrochemical probes. 8 In this paper, we report the synthesis, characterisation and results of an electrochemical and computational investigation cation with column chromatography was done using silica gel 60 (0.0063-0.200 mm) as stationary phase. A Bruker AVANCE 500 spectrometer was used for NMR recordings.
1 H NMR spectra were recorded at 500.139 MHz and 13 C NMR spectra at 125.75 MHz. The signal of the solvent was used as reference: 1 H CDCl 3 at 7.24 ppm and 13 C CDCl 3 at 77.00 ppm. IR spectra were recorded on a Perkin-Elmer Spectrum RXI FT-IR spectrophotometer in hexane as solvent. Only the vibration bands in the carbonyl-stretching region (ca. 1600-2200 cm −1 ) were recorded.
Synthesis of carbene complexes 1-6
Ethoxycarbene complexes 1, 17 2, 11 3, 18 and 5 
Crystal structure determination
The crystal data collection and refinement details for complex 3 are summarized in Table 3 , and the Ortep/PovRay diagram (Fig. 2) . 20 The X-ray crystal structure analysis was performed using data collected at 23°C on a Bruker kappa duo diffractometer with a PROTON CMOS detector and APEX2 control software 21 using QUAZAR-multilayer-optics-monochromated, Mo-Kα radiation by means of a combination of ϕ and ω scans. Data reduction was performed using SAINT 21 and the intensities were corrected for absorption using SADABS. 21 The structures were solved by direct methods using SHELXTS 22 and refined by full-matrix least squares using SHELXTL 22 and SHELXL-97. 22 In the structure refinements all hydrogen atoms were added in calculated positions and treated as riding on the atom to which they are attached. All non-hydrogen atoms were refined with anisotropic displacement parameters, all isotropic displacement parameters for hydrogen atoms were calculated as X × U eq. of the atom to which they are attached, X = 1.5 for the methyl hydrogens and 1.2 for all other hydrogens. However, decamethyl ferrocene, Fc*, was used as internal standard to prevent signal overlap with the ferrocenyl of 1 and 2.
Decamethylferrocene has a potential of −550 mV versus free ferrocene with ΔE = 72 mV and i pc /i pa = 1 under the conditions employed. 24 Analyte solutions (0.5 mmol dm −3 ) were prepared in dry CH 2 Cl 2 in the presence of 0.
Analyses were performed at 20°C. Data were exported to a spread sheet program for manipulation and diagram preparation ( Fig. 3-5 ). 
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Computational details
Geometry optimizations without symmetry constraints were carried out using the Gaussian09 suite of programs. 25 Electron correlation was partially taken into account using the hybrid functional denoted as B3LYP 26 (and uB3LYP for radical cations) in combination with double-ζ quality plus polarization def-SVP 27 basis set for all atoms (this level is denoted B3LYP/def2-SVP). Calculation of the vibrational frequencies 28 at the optimized geometries showed that the compounds are minima on the potential energy surface.
Results and discussion
Synthesis
Four ethoxycarbene complexes, 1-3, and 5, as well as two new aminocarbene complexes 4 and 6 were synthesised according to Scheme 1. The classical Fischer carbene route using Group 6 metal carbonyls was employed for the preparation of the ethoxycarbene complexes 1, 2, 3 and 5: attack of a lithiated substrate on a carbonyl ligand of [Cr(CO) 6 ] forms the metal acylate, which, after alkylation with an oxonium salt, yields the corresponding ethoxycarbene complexes. Synthesis of aminocarbene complexes 4 and 6 were achieved by aminolysis 29 of complexes 3 and 5, to liberate the new aminocarbene complexes 4 and 6 in 88 and 75% respectively. Compounds were purified by column chromatography to give the products as dark red (ethoxy derivatives) or yellow solids.
All neat compounds were stable in the absence of oxygen and could be stored for months in the cold under argon. ] on a glassy carbon-working electrode at scan rates of 100 (smallest currents), 200, 300, 400 and 500 mV s −1 . Decamethylferrocene, Fc*, was used as internal standard. Peak A is ascribed to a new species that is generated during CrvC reduction ( peak 1) because if scans are initiated at −1 V, peak A is absent during the initial cycle. Electrochemical evidence indicated that in CH 3 CN or CH 2 Cl 2 solutions, they decomposed to an observable extent within ca. 30 minutes. This is slow enough to allow spectroscopic and electrochemical measurements.
Single crystal X-ray structure for 3
The molecular structure of 3 has crystallographic mirror symmetry with the thienyl-ethoxy-carbene ligand, the Cr atom and the carbonyl trans to the carbene all lying in the mirror plane. The carbene ligand is disordered with the two orientations in a ratio of 0.526 (8) : 0.474(8) , each rotated by 180°from the other about the Cr-C carbene bond. The Cr-C carbene and C carbene -O bond distances of 2.077(9) and 1.333(11) Å respectively are comparable to the ranges of Cr-C carbene bond distances, 2.05(1)-2.081(4) Å and C carbene -O bond distances, 1.317(5)-1.33(1) Å for a number of chromium-ethoxy-carbene-substituted thienyl structures reported previously. 11, 30 Spectroscopy Electronic effects of the carbene substituents can be followed in solution by both NMR and IR spectroscopy. Since H α (see atom numbering in Scheme 1) is the position closest to the site of coordination of the carbene carbon atom, the chemical shift of this proton is influenced most and is a sensitive probe for electronic ring substituent involvement. Significant downfield shifts of H α were observed in the 1 H NMR spectra for 1-6 (see Table 1 ), compared to free ferrocene (4.19 ppm) and thiophene (7.20 ppm). This is consistent with the electron-withdrawing effect of the metal carbonyl fragment bonded to the carbene ligand, comparable, for example, to an ester functionality, 31 as well as the π-delocalization of the (hetero)aryl rings towards stabilizing the electrophilic carbene carbon atom (Fig. 1) . Less ring-involvement of the thienyl substituent is seen for both aminocarbene complexes 4 and 6, as reflected by the higher field H α resonances. For 4 and 6, a duplication of all the resonances is also observed in both the 1 H and 13 C spectra. This duplication is due to the formation of two different isomers of 4, rotamers A (anti-configuration) and C (syn-configuration) (Scheme 2) with restricted rotation around the C carbene -N bond. 32 For 6, up to three different isomers could be distinguished via NMR spectroscopy. These were ascribed to three different biscarbene complex isomers; in one case, a syn,syn-configuration for both carbene ligands, (syn,synisomer, Experimental section), another where both carbene ligands have anti-configuration (anti,anti-isomer, Experimental section), and finally, the biscarbene complex featuring one carbene ligand with syn-, the other ligand with anti-configuration (syn,anti-isomer, Experimental section). The syn,antiisomer displays two sets of signals for all observed signals, corresponding to the presence of two different carbene ligands within the molecule. Increased electron donation from the nitrogen lone pair towards the carbene carbon atom results in ] on a glassy carbon-working electrode at scan rates of 100 (smallest currents), 200, 300, 400 and 500 mV s −1 . Decamethylferrocene, Fc*, was used as internal standard. Resolved waves 1a and 1b are associated with the oxidation of the two Cr(0) species. Top: When the reversal anodic potential is chosen to be sufficiently small to eliminate wave Fc, electrode deposition as indicated by the large cathodic currents in the bottom CV's were not observed. LSV measurements showed waves 1a, 1b and Fc are involved in the same number (one) of electrons being transferred. Dalton Transactions Paper a C carbene -N bond order greater than one. The bonding situation is best described as an intermediate between the zwitterionic isomers A, C and the neutral carbene B. The carbene carbon resonances obtained from the 13 C NMR spectra reflect this marked contribution from the carbene heteroatom substituent, -OEt vs. -NHBu. In the case of 4 and 6, upfield shifts for the carbene carbon atom (271.9, 260.9 ppm for 4, and 268. 8, 261.3, 261 .0 and 258.1, respectively, for the three isomers of 6), compared to 3 and 5 (316.4 and 321.9 ppm, respectively).
The infrared spectra of all complexes clearly displayed the expected band pattern associated with the carbonyl stretches of a [Cr(CO) 5 L] system, 33 and no duplication of carbonyl frequencies was observed for the syn-and anti-isomers of 4 and 6, as the carbonyls are fairly insensitive to changes of substituents of ligands. 28 In the case of 3, the IR spectrum measured shows the lifting of the degeneracy of the E-band that appears as two separate signals. In 2, overlapping of the signals associated with the A′ 1 and the E-modes occur. The A″ 1 mode defines the symmetric stretch of the CO ligands in the equatorial plane, and is mostly unaffected by the π-acceptor ability of the ligand L; stretching frequencies vary between 2054-2058 cm −1 (see Table 1 ). The A′ 1 mode in the pseudo-C 4v local symmetry represents the mode with the greatest contribution to the stretching of the C-O bond trans to L, and is most affected by changes in the electronic environment caused by the carbene ligand. 29 For aminocarbene complexes 4 and 6, nitrogen lone pair stabilisation causes a marked decrease in chromium π-backbonding towards the carbene ligand. This is demonstrated by the occurrence of the A′ 1 -band at lower wavenumbers (Table 1) , at frequencies lower than even the E-band.
Electrochemistry and molecular orbital analyses
Cyclic voltammetry (CV), linear sweep voltammetry (LSV), and Osteryoung square-wave voltammetry (SW) were conducted on 1-6 in dry, oxygen-free CH 2 Cl 2 utilizing 0. PF 6 ] as supporting electrolyte. Data for cyclic voltammetry experiments are summarized in Table 2 , CV's are shown in Fig. 3-5 .
Four redox processes are identifiable. These are (a) the reduction of the carbene double bond; peaks for this process are labelled I throughout in Fig. 3-5, (b) oxidation of the Cr(0) centre to Cr(I) is observed at peak 1, (c) oxidation of the ferrocenyl group in 1 and 2 ( peak Fc), and (d) oxidation of electrochemically generated Cr(I) centre to Cr(II). The latter redox process is labelled as peak 2 in Table 2 and Fig. 4 . Molecular orbital calculations (see below) proved peak 2 is associated with the Cr I/II couple and not with oxidation of the :OEt or :NHBu groups. Central to this electrochemical study is the ferrocenyl oxidation of 1 and 2 (Fig. 3-5) . The ferrocenyl group is well established as a moiety that undergoes electrochemical and chemical reversible one electron oxidation. Electrochemical and chemical reversible redox process are characterised by ΔE = E pa − E pc = 59 mV and i pc /i pa = 1.
34 For 1, the ferrocenylbased redox process is observed at 0.700 V vs. the free FcH/ FcH + couple and exhibits ΔE = 89 mV and i pc /i pa = 1 ( Table 2 ).
The observed E°′ = 0.700 V is a large shift to positive potentials from 0 V, and illustrates the electrophilic nature of the chromium carbene system. 10 It is important to note that peak 1 in the CV of 1 at E°′ = 0.289 V is not associated with the ferrocenyl couple, but rather with Cr(0) oxidation to Cr(I); this will be discussed below. The ferrocenyl wave of 2 is observed at E°′ = 730 mV, but this redox process leads to adsorption and decomposition, Fig. 4 and 5, implying E pc and current ratios are not reliable. However the LSV applicable to the oxidation of the ferrocenyl group and the two Cr(0) centres (waves 1a, 1b and Fc, Fig. 5 ) were still consistent with three separate 1-electron transfer processes. Having confirmed the one-electron transfer nature of the ferrocenyl group in 1, all the other redox processes in 1-6 can now be interpreted in terms of the number of electrons that is transferred during their redox cycles. Alkene reduction occurs at far negative potentials and in aprotic solvents results in the generation of a radical anion of considerable instability during a one-electron transfer process.
35 Follow-up chemical reactions destroy this electrochemically generated species quickly. Unconjugated alkenes often are reduced at such negative potentials that they cannot be studied in convenient electrochemical solvents; for them reduction often takes place at potentials outside the solvent potential window. 31 Conjugated alkenes are reduced at slightly larger potentials; reduction in aprotic media may be observed in the vicinity of −2 V vs. FcH/ FcH + . 31 The carbene double bond, CrvC, of the present series of compounds benefits from the presence of the electrondonating thienyl or ferrocenyl group which allows for conjugation (Fig. 1) . Reduction of the CrvC double bond in 1-5 was observed at potentials less than −1.76 V vs. FcH/FcH + ( Table 2, wave I). That the CrvC double bond reduction represents a one-electron reduction follows from comparing the i pc value of peak I of 1 (Table 2 and Fig. 3 ) with the i pa value of the ferrocenyl, i.e. wave Fc. Since they are striving to the same value (ca. 3.34 μA), and since the ferrocenyl couple represents a one-electron transfer process, wave I must also represent a one-electron reduction process to initially generate − Cr-C˙, not only in 1, but also in the other carbene complexes of this study. This assignment is possible because it is known that the LUMO is mainly carbene-ligand based, 17 and single electron transfer reactions followed by ESI-MS have also indicated the formation of such − Cr-C˙species. 36 Since the orbitals associated with carbenes are delocalized over metal, carbon, and heteroatom, one can envisage the − Cr-C˙species as being stabilised by distributing charge and radical all over the ligand system.
CrvC reduction is electrochemically quasi reversible because ΔE for this process is substantially larger than 59 mV (Table 2) . It is also only partially chemically reversible because the i pa /i pc current ratios for 1-5 (Table 2 ) deviate more than 40% from unity. This low current ratio is consistent with the high reactivity that is associated with carbon radicals, here − Cr-C˙, as described before. 31 The ferrocenyl group stabilized the CrvC bond much more towards reduction than the thienyl group as the CrvC bond of 1 was reduced at a potential 386 mV more negative than the carbene double bond of 3. Strikingly, stabilisation towards reduction of the CrvC bond with a ferrocenyl group is almost as effective as stabilisation with an amine because the peak I E°′ value of 4 is only 84 mV more negative than that of 1, but 470 mV more negative than that of 3 ( Table 2 ). The biscarbene complexes 2 and 5 exhibited CrvC reduction at potentials 303 mV more positive than 1. This move towards higher potentials is consistent with the extended conjugation paths present in the bis-compounds. 31 The CV of the biscarbene complex 5 exhibits two reduction waves labelled I and D (Fig. 4) . The first, wave I, is assigned to the simultaneous reduction of both the CrvC bonds as the LSV (Fig. 4) shows it involves transfer of two electrons, one for each double bond. For reference purposes at this stage it is sufficient to observe peak 1 also represents 2 × 1 e − transfer processes, 1 e − for each of the Cr(0) processes. The second reduction wave, wave D, is attributed to electrode processes of decomposition products 31 of 5 because the LSV shows that six electrons in total is associated with this redox process. Complex 2 was too unstable for LSV measurement because of decomposition on LSV timescale at large negative potentials. However, the i pc value of wave I for 2, if one allows for limited decomposition of the CrvC double bond, and compares it with the i pa values of waves 1a, 1b and Fc, is consistent with two overlapping oneelectron CrvC reductions. The biscarbene 6 showed no CrvC reductions (Table 2) within the usable potential window of CH 2 Cl 2 . This is expected since one NHBu group shifted peak I of 4 at −2.232 V to potentials 470 mV more negative compared to peak I of 3. This is already almost at the limit of the potential window that CH 2 Cl 2 allows. Since 6 possesses two NHBu groups, an additional shift to more negative potentials is expected which would result in wave I not being detectable in the workable potential window of CH 2 Cl 2 . Oxidation of the Cr(0) centre itself is associated with peak 1 in Fig. 3-5 and Table 2 . Once again, by comparing peak currents of wave 1 and wave Fc for 1 it is clear that Cr(0) oxidation involves a one-electron transfer process to generate Cr(I). To decide whether Cr(0) or ferrocenyl oxidation takes place first, from an electrochemical point of view, comparison of the position of wave 1 in 1 with those of amino carbenes 4 and 6, Fig. 3 , is appropriate. It is clear that Cr oxidation waves are in all three cases in the same potential range. The ferrocenyl group is therefore expected to be associated with the wave at larger potentials, that is wave Fc for 1. This conclusion is mutually consistent with the result obtained by molecular orbital calculations. Density functional theory (DFT) calculations at the B3LYP/def2-SVP 37 level show that the HOMO of complexes 1, 3 and 4 is mainly located at the chromium(0) atom (Fig. 6) , 2d,38 thus confirming that the first oxidation Table 2 ). Electrochemical evidence also imply that Cr(0) oxidation occurs before ferrocenyl oxidation in the biscarbene complex 2. Fig. 4 , bottom, shows the CV's of 2 where oxidation peaks 1a, 1b and Fc are all three observed. Importantly, each of these waves represents a one-electron transfer process as highlighted by the LSV (Fig. 5) . After the third oxidation though (i.e. after wave Fc), the complex decomposes on LSV time scale. In contrast, on CV time scale, the observed larger-than-expected peak cathodic currents are consistent with electrode deposition of the oxidised substrate. That electrode deposition takes place after the third (ferrocenyl) oxidation to generate 2 3+ was confirmed by repeating CV experiments utilising a reversal potential small enough to exclude wave Fc. This resulted in waves 1a and 1b having the normal CV shape. Waves 1a and 1b are associated with two consecutive and partially resolved one-electron Cr(0) oxidations because they are both observed at potentials smaller than the ferrocenyl oxidation of 1, Table 2 . This excludes the possibility of either of these waves to be associated with the oxidation of the ferrocenyl group. After both Cr(0) centres have been oxidised to liberate a more electron-deficient and therefore more electron-withdrawing species, 2 2+ , than the mother compound 2, the oxidation of the ferrocenyl group of 2 is observed at a larger potential (30 mV larger) than that of 1. Because the ferrocenyl group is oxidised in a one-electron transfer step, it follows that the Cr(0) centres are also oxidised in a one-electron transfer step as confirmed by LSV measurements. That wave 1 could be resolved into two components 1a and 1b is not unusual. Different formal reduction potentials for symmetrical complexes in which mixed-valent redox-active intermediates are generated (here, for example 2 + and 2 2+ respectively) are well known in systems that allow through-bond electronic communication between these molecular fragments. 39 Since a similar split of wave 1 into two components was not observed for the thiophene biscarbene derivative 5, it is concluded that the ferrocenyl group is more effective in allowing throughbond electronic communication between molecular fragments than a thienyl group. Chromium oxidation in the ethoxy derivatives 1-3 and 5 are, like ferrocenyl oxidation, electrochemical and chemical reversible on CV time scale as ΔE deviated within acceptable limits from the theoretical value of 59 mV and because peak current ratios for these compounds approached unity, Table 2 .
The aminobutyl derivatives 4 and 6 exhibit electrochemically irreversible Cr(0) oxidations by virtue of ΔE values exceeding 130 mV under our conditions. Chemical reversibility as identified by peak current ratios approaching 1 is achieved when the reversal anodic potential is small enough to exclude wave 2. The CV of amino carbene 4 hinted that the Cr(0) oxidation peak, peak 1, may also split into two very poorly resolved components, 1a and 1b (Fig. 4) . This may be indicative of the presence of two Cr(0) species of sufficient stability and long enough existence time to allow detection on CV timescale. Aminocarbene complexes have high stability due to the existence of the zwitterionic stabilised form as shown in Scheme 2. CV peak 1a is consistent with forms A and C and peak 1b with form B. Although it was possible to distinguish between A and C spectroscopically, it is unlikely that electrochemical techniques can distinguish between forms A and C of Scheme 2. Electrochemical observation of two components of a slow equilibrium is not unknown. A similar situation arose with metallocene-containing β-diketones, where the kinetics between keto and enol forms was slow enough to allow detection of both equilibrium components, and to determine the rate of keto to enol conversion and vice versa.
40 No evidence of peak 1 splitting into two components could be observed for the biscarbene 6 implying peaks 1a and 1b in this case may simply be so close to each other that they are unresolved. 41 The last electrochemical process that was observed ( peak 2 in Fig. 3 and 4 and Table 2) in 1-6 is the oxidation of the electrochemically generated Cr(I) centre to generate a Cr(II) species (Scheme 3). This electrochemical process is not assigned to oxidation of the :OEt group of 1-3 and 5 or the :NHBu group of 4 and 6 because DFT calculations showed the spin densities of the electrochemically generated radical cations formed during the oxidation of Cr(0) are situated on the newly formed Cr(I) centre and not the hetero atoms (Fig. 6) . Cr(I) oxidation of the monocarbenes 1 and 3 fell outside the potential window of the solvent, CH 2 Cl 2 , but wave 2 in the CV of the bis-complex 5 is consistent with two Cr(I) centres being irreversibly oxidised (Fig. 4) at ca. 1.1 V. The LSV suggests that the number of electrons that are transferred at this wave is the same as for wave 1, that is two electrons. In contrast, the CV itself (Fig. 4,  Table 2 ) show i pa, wave 2 to be almost double that of i pa, wave 1 . However, wave 2 is so close to the edge of the potential window of the solvent, that the observed peak anodic current for wave 2 of 5 may well include the beginning of solvent degradation.
The aminocarbene complexes 4 and 6 also exhibit wave 2 (Fig. 3) , showing Cr(I) oxidation is irreversible, and occurring at slightly lower potentials than in the ethoxycarbene complexes ( Table 2 ). The irreversible nature of these oxidations illustrates the high reactivity of the Cr(II) species that form during the oxidation. They chemically react to form new species on time scales faster than that of cyclic voltammetry. This contrasts the lower reactivity of the radical anions, − Cr-C˙, which did not react chemically fast enough to escape detection of electrochemical reoxidation to the mother CrvC species at fast scan rates (wave I, Fig. 4) . Fig. 6 gathers the computed spin density of the corresponding radical cations formed by one-electron oxidation of complexes 1, 3, and 4 to generate 1˙+, 3˙+ and 4˙+. Whereas the unpaired electron is located on the chromium atom in complexes 3˙+ and 4˙+, it is located on the iron atom in the ferrocenyl-substituted radical cation 1˙+. This suggests that the oxidation associated with peak 2 in the CV's of Fig. 4 can be assigned to the oxidation of Cr(I) to Cr(II) in compounds 3 and Scheme 3 Electrochemical reactions associated with 1, 3 and 4. The radical anions and Cr(II)-containing cations that are generated during the final electrochemical reduction or oxidation step undergoes further chemical reactions. The biscarbene complexes undergo the same reaction sequences except that a second radical anion and Cr(II)-containing cation also forms at potentials close to the edges of the solvent, dichloromethane. Two Cr(0) oxidations was also observed in the biscarbene compounds.
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4, while the oxidation associated with wave Fc of complex 1 (Fig. 3) should be a ferrocenyl-based process.
Conclusions
The novel mono-and bisaminocarbene complexes 4 and 6 were prepared by aminolysis of the ethoxy(thienyl) chromium(0) precursors 3 and 5. Ferrocenyl mono-and bisethoxychromium(0) carbene complexes 1 and 2 were also synthesised and characterised spectroscopically. An electrochemical investigation of these complexes in CH 2 Cl 2 showed the carbene double bond, CrvC, of 1-6 are reduced to an anion radical, − Cr-C˙, at large negative potentials. Electrochemical measurements and DFT calculations were mutually consistent in showing Cr(0) oxidation to Cr(I) occurs before ferrocenyl oxidation, and that the electrochemically generated Cr(I) centre can undergo a second irreversible oxidation to generate Cr(II) at large positive potentials. No oxidation of the heteroatoms in the OEt or NHBu groups could be detected. Cr(II) oxidation for 1 and 3 as well as CrvC reduction for 6 fell outside the solvent potential window. The reactivity towards follow-up chemical reactions of the anodically produced Cr(II) centres is much higher than the reactivity of the cathodically produced radical anions as the latter was still observably reoxidised to the parent CrvC species at fast scan rates. The former showed no indication of any reductive regeneration, even at fast scan rates. The ferrocenyl group is oxidised electrochemically reversible to ferrocenium at larger potentials than the electrochemically reversible oxidation of the Cr(0) centre to Cr(I). All redox active groups in 1-6 were involved in one-electron transfer steps. The ferrocenyl group was electrochemically shown to stabilise the CrvC centre almost as much as the NHBu, and much more than the ethoxy and thienyl groups. Poorly resolved peak splitting of the Cr(0) oxidation of 4 into components a and b is consistent with the parent aminocarbene being in slow equilibrium with the zwitterionic species [(OC) 5 Cr − -Cv(N + BuH)Th]. An electrochemical scheme is proposed to account for all observed electrochemical steps.
